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INTRODUCTION
In coastal marine environments, sessile benthic organisms often compete for limited space (Connell and Keough, 1985) . In areas where competition is high, living material such as algae and the hard bodies of other organisms may become sites for newly settling larvae (Seed, 1985; Wahl, 1989) . The exoskeletons of decapod crustaceans are a wellknown surface for epibiont settlement (Heath, 1976; Abello et al., 1990; Abello and Macpherson, 1992; Giri and Wicksten, 1992; Shields, 1992; Gili et al., 1993; NegreirosFransozo et al., 1995; Abello and Corbera, 1996; Becker, 1996; Dick et al., 1998; Key et al., 1997 Key et al., , 1999 . Since many of the epibiont species are suspension feeders, this settlement location is advantageous because the movement of the crabs and their feeding activities will guarantee the arrival of food (Jorgensen, 1966; Heath, 1976) . The epibionts may also be protected by the activities of the crustacean host (Key et al., 1997) . Nevertheless, crustaceans moult the carapace, thus this temporary surface is only suitable for organisms with a short life cycle and/or a rapid growth phase (Gili et al., 1993) . Epibionts may also be damaged by the host as it moves around its habitat or buries in the sediment (Negreiros-Fransozo et al., 1995) .
Epibionts may impart benefits and costs to their host. Crabs in the family Majidae use epibionts for camouflage. This occurs not only due to passive settlement of organisms, but also by active masking behaviour (Parapar et al., 1997) . In smaller crustaceans the added weight of heavy fouling can be metabolically costly (Overstreet, 1983; Dick et al., 1998) and increase predation risk (Willey et al., 1990 , Key et al., 1997 .
Three host species of crabs were examined for external epibionts: the graceful crab, Cancer gracilis (Dana, 1852), the red rock crab, Cancer productus (Randall, 1839) , and the Dungeness crab, Cancer magister (Dana, 1853). All three crab species occur commonly in Barkley Sound, British Columbia. Although the habitat of each species differs, there is an overlap in their distribution, such that they co-occur in many areas (Orensanz and Galluci, 1988) .
Epibiont characteristics can give important data on growth, moulting, and behaviour of the host (Botton and Ropes, 1988; Abello et al., 1990; Dick et al., 1998) . Because Cancer magister and Cancer productus are commercially important and data for commercial species is limited (Key et al., 1997; Dick et al., 1998 ) the present study was undertaken to 1) survey the species of non-parasitic macroepibionts, 2) describe their prevalence and 3) determine the spatial distribution of each epibiont species on the three species of crab.
MATERIAL AND METHODS
Male and female graceful crabs, Cancer gracilis, Dungeness crabs, Cancer magister and red rock crabs, Cancer productus, were collected at various locations in Barkley Sound, British Columbia (Fig. 1 ). Collections were made during April through September, 1998 to 2004. The crabs were collected using baited net traps (100 cm diameter 3 25 cm deep) set at depths ranging between 5 to 50 m, with most trapping between 8-12 m. In addition, crabs were collected in the intertidal and shallow subtidal zone by hand.
The body was divided into sections ( Figure 2 , modified from Gili, et al., 1993) . The dorsal surface of the carapace was divided into 3 areas: the anterior cephalothorax, which was defined as the portion anterior to the widest area of the cephalothorax and the posterior area behind and a third area which encompassed the eyes and antennae. The ventral surface of the body was also divided into three areas. The first area included the underside of the carapace, thorax, abdomen and palps. The legs, and the chelae comprised the second and third areas. The designated areas represented surfaces that would most often come into contact with sediment, or areas that could be groomed by the crabs (McGaw et al., 1999; McGaw 2005) . The number of live or dead individuals of each macro-epibiont taxa were recorded on each of the areas of carapace. For colonial organisms, the percentage cover was estimated. Crab size was measured across the width of the carapace, which was the widest distance between the anterolateral spines. Sex and missing appendages were also recorded. The influence of seasonality, environmental factors or habitat structure on epibiont settlement was not investigated.
Size differences between crabs with and without epibionts were examined using Mann-Whitney rank sum tests (P , 0.01). The relationship between epibiont species and location on the carapace was investigated using Pearson chi-square tests (P , 0.01).
RESULTS

Size Range
A total of 553 Cancer gracilis were collected, of which 171 (30.8%) were female. Cancer gracilis ranged in size from 27 mm to 126 mm with a mean size of 86.4 mm 6 18.1 mm (SD). One hundred and fifty three crabs (32.7%) had one or more species of epibiont growing on the carapace. Of the total number, 59 (10.5%) Cancer gracilis had one or both chelae missing. Nine hundred and fifty nine Cancer magister were collected, of which 364 (38%) were females. Cancer magister ranged in size from 27 mm to 202 mm with a mean size of 151.4 mm 6 22.3 mm. Of these, 465 (48.5%) possessed one or more species of epibiont. Sixty nine Cancer magister (7.2%) had missing chelae. A total of 1227 Cancer productus were collected, of which 259 (21.1%) were females. Cancer productus ranged in size from 20 mm to 184 mm with a mean size of 138 mm 6 26.3 mm. Cancer productus exhibited the highest prevalence of epibionts, with 833 (67.8%) infested hosts. One hundred and nineteen Cancer productus (9.7%) had one or both chelae missing.
The size of each host species with epibionts was significantly greater than those without epibionts (Table  1) . Epibionts were not found on the smallest size classes of crab (,50 mm) and were rarely found on crabs that were not sexually mature (Fig. 3a-c) . Female crabs were significantly smaller (Table 1 ) and did not reach the larger size classes of their male counterparts (Fig. 3a-c) . There was no clear pattern among the host species with regard to the percentage of male and female crabs possessing epibionts.
Epibiont Species A variety of epibionts were found on each crab species (Table 2) . Cancer gracilis had the lowest diversity of epibiont species, while Cancer productus had the greatest diversity of epibionts. For each species, male crabs had a greater species richness and diversity of epibionts compared with females. Both male and female crabs showed a high community dominance index (CDI). The most common epibionts were barnacles, over 90% of which were Balanus crenatus (Brugiere, 1789). Algae were also a dominant epibiont. Green algae (primarily Enteromorpha), predominated on Cancer gracilis and Cancer magister, whereas various genera of red algae were the dominant seaweed phylum on Cancer productus. A number of the larger seaweed specimens were identified to the level of genus (Table 2 ). However, in most cases, due to their small size, seaweeds could only be identified to the level of phylum. Polychaete worms were present on both Cancer magister and Cancer productus. In Cancer productus, the calcareous serpulid and spirorbid tube worms were the most abundant. In Cancer magister, the predominant species was the tubedwelling worm, Dipolydora socialis (Schmarda, 1861). Only a few of these worms were found on the other two crab species (Table 2) . Bryozoans were found on Cancer magister and Cancer productus, the majority of which were the encrusting bryozoan Membranipora membranacea (Linnaeus, 1767). Hydrozoans were found in lesser numbers on each crab species. The most common species was Sertularella turgida (Trask, 1857), which formed dense mats on each host species. The hydrozoan Obelia spp. (Pallas, 1766) was rare and only found on two Cancer productus. Organisms in the phyla, Urochordata, Mollusca and Porifera were found on a few individual Cancer magister and Cancer productus (Table 2) .
Colonization Areas Statistical analysis was performed by recording the presence of an epibiont within a designated area, independent of the number of individuals. This was considered to be more valid than using number of individuals per section of the carapace. The colonizable surface area of each section was not equal, there was considerable variation in the size range of crabs and the presence of a larger individual epibiont would reduce available space for other individuals. Since the sex ratio of each species was skewed towards males, which also reached a larger body size, the crabs were not separated by sex.
Each epibiont species colonized specific areas of the crab carapace in a non-random pattern (Pearson Chi-Square, P , 0.001) and these areas were consistent across each of the three host species (Table 3a-c). Barnacles were most abundant on the dorsal surface of the cephalothorax and the chelae. There appeared to be a preference for areas with surface irregularities such as the grooves along the edges of the gastric and cardiac regions, but this was not quantitatively examined (Fig. 4a ). They were less abundant on the underside and legs. No barnacles were found on the eyestalks or antennae. In contrast, algal species were predominately (.80%) found growing on the antennae of each species of crab (Fig. 4b, c) . Green algae occasionally colonized the anterior edge of the cephalothorax and the upper surfaces of the chelae and legs. However, red and brown algae were almost always (.90%) found on the antennae.
Polychaete worms also exhibited preference for specific areas of the carapace (Chi-Square P , 0.001). Dipolydora socialis was only found on the underside of the crabs (Table  3a -c). On Cancer productus the majority of polychaetes also colonized the underside of the body (73.3%) and the ventral surface of the chelae (14.5%). Only a few spirorbid and serpulid worms were found on the anterior surface of the carapace, with a small individual growing on the antenna of one Cancer productus (Table 3c) .
On each crab species, the greatest percentage of hydrozoans, as well as the larger sized colonies, were found on the ventral surfaces of the carapace (38% to 100%; Table 3a-c). Hydrozoan species were absent from the dorsal surface of the cephalothorax. Several smaller colonies were found on the antennae of Cancer magister and Cancer productus (Table 3b ,c). Hydrozoan colonies were relatively common on the legs (14.7%) and chelae (29.4%) of Cancer magister, whereas they were absent or infrequently found in these areas on Cancer gracilis and Cancer productus.
In contrast to the other epibiont species, Bryozoa exhibited no common pattern of distribution among the crab species. On Cancer magister, most bryozoans (76.9%) were found as small colonies (5 mm 2 to 2 cm 2 ) on the legs (Table 3b ). On Cancer productus (Table 3c ), the majority of bryozoans were found on the ventral surface (72%). These colonies were larger (1 cm-5 cm 2 ) than those found on Cancer magister. Bryozoans also colonized the anterior surface of the Cancer productus carapace fairly frequently (17.3% of individuals) and to a lesser extent on the legs and chelae. Tunicates, molluscs and sponges were only found on a few individual crabs (Table 3b ,c), therefore, distribution patterns were not evident.
DISCUSSION
A total of 29 species representing 10 phyla may be a conservative estimate of the species richness of epibionts found on cancrid crabs in Barkley Sound, since this figure doesn't take into account the abundant micro-epibiont fauna (Becker, 1976; Fernandez-Leborans et al., 1997; FernandezLeborans, 2001 ). Notwithstanding, the diversity of macroepibionts was comparatively limited (Table 2 ) compared with fouling communities occurring on rocks and man-made structures in Barkley Sound, which are dominated by the Cnidaria, Mollusca and Porifera (personal observation). Crab carapaces are only temporary surfaces, therefore they are unlikely to reach the climax communities of more permanent structures (Gili et al., 1993; Key et al., 1999) . In addition, permanent structures vary in topography, surface roughness, chemical attractants and bacterial biofilms that are instrumental in larval settlement (Crisp, 1974; Rodriguez et al., 1993) . There was a greater species richness and diversity of epibionts on male crabs. This is the opposite to that reported for portunid crabs (Shields, 1992) . Male crabs were significantly larger than female crabs. A greater occurrence of epibionts on larger crabs appears to be a common pattern in crustaceans (Key et al., 1999;  Fig. 3 ). Not only do larger crabs make a larger target for settling larvae, but also, as they age, they moult less frequently. The appearance of epibionts correlates closely with the size at which crabs change from juvenile, which moult every 1-3 months, to adult, where moulting is an annual or bi-annual event (Orensanz and Galluci, 1988; Wainwright and Armstrong, 1993) . Crabs were collected between April and September but moulting peaks between June and October (Orensanz and Galluci, 1988) . Therefore, during April and May, the crabs should have reached maximum epibiont loading. Heavy fouling, covering the majority of the carapace, is evidence of terminal anecdysis (Abello et al., 1990) . Although each Cancer species may undergo a terminal anecdysis (Orensanz and Galluci, 1988) , the numbers of epibionts, even in the heaviest fouled individuals, were not very high compared to other crustacean species (Abello et al., 1990 , Key et al., 1997 (Fig. 4a) . Senescence occurs in the winter following the terminal moult (Orensanz and Galluci, 1988) and so animals were probably not captured the following year, when infestations were likely to be highest. Also it has been suggested that decapod crustaceans possess chemical antifouling agents that may help deter settlement of some larval organisms (Becker, 1996) .
The presence and size of certain epibiont species can be used to estimate intermoult period in crustaceans (Gili et al., 1993; Lovrich et al., 2003) . However, because the exact time of larval settlement was unknown and epibiont growth rates can be affected by many factors (Crisp and Bourget, 1985) , at best, epibiont settlement patterns will be a very rough estimate of intermoult duration in Cancer crabs.
There were noticeable differences in the amount and diversity of epibiont species on each of the crab species (Table 2) . Cancer gracilis, had the least amount of epibionts. This species was significantly smaller than the other two; thus, the available surface area for colonization was lowest. It also had the most conserved distribution, being largely confined to shallow bays of fine mud and sand. This species spends a considerable amount of time buried in fine sediment (Orensanz and Galluci, 1988) in areas where the mud is anoxic (Bernatis et al., in review) . Such conditions are unfavourable for both larval and adult epibionts alike (Becker, 1996) .
Cancer productus exhibited the greatest species richness. Because they were substantially larger than Cancer gracilis this also gave more surface area for epibionts to colonize. Cancer magister is also a large crab, but it did not have as many epibionts compared to Cancer productus. When crabs bury, epibionts may be abraded from the carapace (Negreiros-Fransozo et al., 1995; Becker, 1996; Key et al., 1999) . Cancer productus does not bury as frequently as the other two species (McGaw, 2005) and often inhabits rocky areas where burial is not possible. This may have accounted for the difference in epibionts between the two crab species (Becker, 1996) .
More epibionts settled on the underside of Cancer magister compared with Cancer gracilis and Cancer productus. This species differs from the other two in that there are dense setae on the underside that may attract and offer protection for newly settling organisms (Crisp, 1974) . Although the anterior surface of crabs was similar in appearance, the surface of the carapace was not at investigated at the microscopic level. This could also account for differences in settlement patterns among the three crab species (Heath, 1976; Patil and Anil, 2000) .
The differences in epibiont distribution on each of the areas of the carapace (Table 3 ) most likely represents differences in larval settlement patterns. Barnacles prefer narrow grooves (Crisp, 1961; Heath, 1976) and most settlement occurred in the grooves surrounding the stomach, heart region, and the grooves around the margins of the cephalothorax (Fig. 4a) . A similar settlement pattern is recorded for Carcinus maenas and Cancer pagurus (Heath, 1976) . Over 60% of barnacles were found on the anterior surfaces of the cephalothorax and chelae, this occurs because barnacle cyprids exhibit photopositive behaviour during settlement (Crisp, 1974) . It has been suggested that barnacles will not colonize recently moulted crabs because they do not possess a bacterial film, necessary for settlement (Gili et al., 1993) . However, results from the present study suggest otherwise. A number of crabs with soft carapaces (2 weeks post-moult: O'Halloran and O'Dor, 1988) had several small Balanus crenatus grow-ing on them. This is not unexpected; barnacle larvae are attracted to the molecule arthropodin, which is in highest concentrations in newly moulted crabs (Crisp, 1974) .
Approximately 25% of all the crabs surveyed had one or more species of seaweed growing on the antennae and anterior margins of the cephalothorax. Newly settled seaweeds are susceptible to dislodgment (Granhag et al., 2004) . Since the antennae and edges of the cephalothorax remain above the sediment when crabs bury (McGaw, 2005) it could be that these were the only algae able to survive scouring by the sand (Negreiros-Fransozo et al., 1995; Becker, 1996; Key et al., 1999) . In contradiction of this hypothesis, when I suspended crabs for 2 months in the shallow subtidal zone in cages, algae did not grow elsewhere, suggesting that settlement may be dependent on other factors. Seaweed zoospores exhibit a clear chemotaxis to areas with a high nitrogen and phosphate content (Fukuhara et al., 2002) when settling. As crabs are messy feeders and the urinary openings are situated near the antennae, this may account for the settlement patterns. Table 2 . Epibiont species found on Cancer gracilis, Cancer magister and Cancer productus. The number of individual crabs of each species and sex infected with a particular epibiont is given. Each epibiont is also expressed as a percentage of the total number of each crab species with epibionts and is given in brackets. The species richness, diversity H9 (Shannon-Wiener Index) and a community dominance index (CDI) is shown at the bottom of the 
Phylum Porifera
Haliclona permollis However, the antennae are important for osmoreception (Tazaki, 1975; Gleeson et al., 1997) and food detection (Rebach, 1996; Keller et al., 2003) and seaweed settlement could interfere with their function. Crabs actively clean the antennae with the mouthparts (McGaw et al., 1999) , which would remove the seaweeds, but this did not occur here. It is possible that seaweeds are used as camouflage (Wicksten, 1993) . When the crabs are deeply buried, the antennae are the only structures that protrude above the sand. They flick these to sense the environment (McGaw, 2005) . Seaweed attachment could camouflage the antennae and prevent grazing by small fish and invertebrates. Polychaete worms occurred fairly frequently on cancrid crabs. Many polychaete larvae are photonegative when settling (Knight-Jones et al., 1971) . This would explain why the majority of individuals occurred on the underside of crabs. Like barnacles, polychaete larvae are gregarious settlers (Knight-Jones et al., 1971) ; however, they did not occur in the density observed for barnacles. Usually only 1 to 4 individuals were found on a crab. The highest density recorded was 35 serpulid and spirorbid worms on an individual Cancer productus. Even these were scattered over most areas of the carapace. Polychaete larvae prefer surfaces with a bacterial film (Williams, 1964) , which can take several months to form on crabs (Gili et al., 1993) and polychaete worms were mainly found on the larger crabs which appeared to have been in intermoult for some time.
Bryozoans were found on Cancer productus and Cancer magister. Bryozoans are susceptible to sedimentation and did not occur on Cancer gracilis, which is confined to muddy areas (Orensanz and Galluci, 1988) . Bryozoan larvae are photonegative when settling (Thorson, 1964) . This may explain their location on Cancer productus, where the majority settled on the ventral surfaces. However, in Cancer magister, bryozoans were found more frequently on the legs, which offer little protection from light. Membranipora membranacea comprised most of the infestations on Cancer magister, and for Membranipora membranacea larval settlement is highly dependent on the characteristics of the surface, rather than light or gravity (Ryland and Stebbing, 1971) .
Hydrozoans occur in high frequencies on some crabs species (Gili et al., 1993) . They were only found on 7% of the crabs surveyed, although they were common in Barkley sound (personal observation). Hydrozoans are very sensitive to sedimentation (Boero, 1984) . Because all three crab species bury in the sediment (Orensanz and Galluci, 1988; McGaw, 2005) , this may have restricted their numbers.
Colonizing mobile surfaces such as crustacean carapaces is beneficial for many epibiont species because it enhances food acquisition and affords them a degree of protection from predators (Wahl, 1989) . This may offset the comparatively short life-span of the carapace (Key et al., 1999) . The benefits and costs for the host species are less apparent. Although ectocommensal barnacles that attach to crab gills may impart a physiological cost for the host species (Gannon and Wheatly, 1992) , the presence of epibionts on outer carapace of cancrid crabs (Table 2 ) probably does not benefit or harm the host. There is unlikely to be a substantial physiological cost to the crabs of carrying an extra load of external epibionts because the epibionts did not reach high densities and were also more prevalent on larger crabs (Overstreet, 1983; Dick et al., 1998) . However, there is little evidence of a benefit for the host either; because the epibiont coverage was sparse it probably wouldn't act as camouflage for cancrid crabs, as it does for other crab species (Wicksten, 1993) .
